We observed a 17 ′ ×17 ′ region of the ρ Oph molecular cloud, using the ACIS-I array onboard the Chandra X-ray Observatory (CXO). A 100-ks exposure observation revealed ∼ 100 X-ray sources above the detection limit of ∼ 10 28 ergs s −1 . About 2/3 of the X-ray sources are identified with an optical and/or infrared counterpart, including significant numbers of Class I, II and III sources and a few brown dwarfs. The X-ray detection rate of Class I sources is a surprisingly high 70 %. Many X-ray flares, possibly due to the magnetic activity, are found from all of the classes. We make systematic spectral studies of the quiescent and flare X-rays for all the X-ray sources. The X-ray temperatures and absorptions of Class I sources are generally larger than those of Class II and III sources. Also X-ray flares from Class I sources show slightly higher duty ratio, temperature, and luminosity, than those of more evolved classes. We further give brief results on brown dwarfs, sources in a younger phase than Class I, unclassified, and unidentified sources. Details for several selected young stellar objects, including the first detection of a neutral iron line (6.4 keV) from a Class I source (YLW 16A), are separately addressed.
INTRODUCTION
Evolution of low-mass young stellar objects (YSOs) can be traced by the infrared -sub mm radio spectral energy distributions (SEDs): molecular cloud cores through protostars are represented by Class 0 and Class I SEDs, while classical T Tauri stars (CTTSs) and weak-line T Tauri stars (WTTSs) exhibit Class II and Class III SEDs (Shu, Adams, & Lizano 1987; André & Montmerle 1994) . With the Einstein satellite, T Tauri stars (TTSs = CTTSs and WTTSs) have been found to emit soft X-rays, with the X-ray characteristics of moderate plasma temperature (∼ 1 keV), strong variability and occasional rapid flares. These are consistent with the scenario of enhanced solartype activity, attributable to magnetic dynamo processes (Feigelson & DeCampli 1981; Montmerle et al. 1983) .
Protostars are often embedded deeply in star forming clouds, shrouded by dense circumstellar gas and dust, hence generally invisible in the optical, near infrared and even soft X-ray bands. X-rays from Class I sources (the late phase of protostars) have been reported in deep ASCA and ROSAT images of the ρ Ophiuchi cloud (Koyama et al. 1994; Casanova et al. 1995; Kamata et al. 1997; Grosso et al. 1997; Carkner, Kozak, & Feigelson 1998; Tsuboi 1999; Tsuboi et al. 2000; Grosso et al. 2000; Grosso 2001 ). However possible contamination from nearby TTSs (or others) would not be removed with the limited spatial resolution of ASCA. Very low count rates from ROSAT hampered quantitative X-ray study on these Class I sources. In order to shed light on the embedded YSOs, like Class I sources in the ρ Ophiuchi cloud, we have observed this cloud with the Chandra X-ray Observatory (CXO, Weisskopf, O ′ dell, & van Speybroeck 1997), which has wide energy band sensitivity coupled with unprecedented spatial resolution.
In this paper, we systematically study the X-ray features of the young stellar objects in the ρ Ophiuchi cloud based on the Chandra results. For this purpose, we first clarify our criteria of source classifications based on the near-to far-IR data. Class I sources are selected from near-to mid-IR band or near-to far-IR band spectra (André & Montmerle 1994; Casanova et al. 1995; Chen et al. 1995; Chen et al. 1997; Motte, André, & Neri 1998; Luhman & Rieke 1999; . Since the classifications of these papers are not fully consistent with each other, we regard a bona fide Class I source (Class I, here and after) if it is re-ferred to as a Class I source by all the papers, and the others to be Class I candidates (Class I c , hear and after) . Class II and III sources (here Class II and Class III) are simply selected by the spectral index between near-and mid-IR bands (André & Montmerle 1994; Casanova et al. 1995; Luhman & Rieke 1999; Grosso et al. 2000) . The age or evolution sequence of Class I c should be in between Class I and Class II. We also use the terminology "Class I+I c " by combining the Class I and Class I c for simplicity. Likewise, "Class II+III" means a combined group of Class II and Class III. A brown dwarf (here and after, BD) means a star with mass falling well below the hydrogen-burning limit of 0.08 M ⊙ , and a brown dwarf candidate (here and after, BD c ) indicates a star with mass close to 0.08 M ⊙ (Wilking, Greene, & Meyer 1999; Cushing, Tokunaga, & Kobayashi 2000) .
For comparison with the previous X-ray and infrared results, we assume the distance to the ρ Oph region to be 165 pc (Dame et al. 1987 ) throughout this paper, although Hipparcos data suggest a closer distance of ∼120 pc (Knude & Hog 1998) .
OBSERVATION AND DATA REDUCTION
The observation was made on 2000 April 13-14 with the ACIS-I array consisting of four abutted Xray CCDs, which covered a field including the southeast part of the ρ Oph cloud in the 0.2-10 keV band. The telescope optical axis position on the ACIS-I array is R.A. = 16 h 27 m 18.1 s , Dec = −24 • 34 ′ 21.9 ′′ (epoch 2000) . We use Level 1 processed events provided by the pipeline processing at the Chandra X-ray Center. The total available exposure time is ≈ 10 2 ks. To minimize the effect of the degradation of charge transfer inefficiency (CTI), we apply the improved data processing technique developed by Townsley et al. (2000) . To reject background events, we apply a grade filter to keep only ASCA grades 2 0, 2, 3, 4, and 6. Figure 1 shows the ACIS-I false-color image of the ρ Oph cloud. Red and blue colors represent photons in the soft (0.7-2.0 keV) and hard (2.0-7.0 keV) Xray bands, respectively. For source finding, we run the program wavdetect 3 in the total (0.5-9.0 keV) X-ray band. We set the significance criterion at 10 −7 and wavelet scales ranging from 1 to 16 pixels in multiples of √ 2. In the 17 ′ .4×17 ′ .4 field, we detected 87 sources with a confidence level of ∼ >5.3 σ. The source position and ACIS-I count rate for each source are listed in Table 1 (columns 2-5), where the X-ray photons are extracted from 1 ′′ .5-22 ′′ .7 radius circles, depending on the angular distance from the optical axis of the telescope.
ANALYSIS AND RESULTS

Source Detection
Source Classification
We searched for a near-infrared counterpart from the three-color (JHK) imaging survey by Barsony et al. (1997) , and find that 2/3 (58) of the X-ray sources have a counterpart (column 2 in Table 2 ). The other 1/3 (29) have no counterpart (here and after, unidentified sources), most of which are blue ( hard X-ray sources) in Figure 1 . Using the criteria given in §1, we find 7 Class Is and 11 Class I c s; most of them appeared blue in Figure 1 , or mainly emit hard X-ray photons. We also find 1 BD and 1 BD c (No.76 and No.81) , and at least 1 foreground star (No.52, Festin 1998) . The other 37 sources are mainly colored red, hence are soft band sources, of which 20 are classified as Class II+IIIs, and 17 are unclassified yet (here and after, unclassified sources). We also search for counterparts in the previous X-ray surveys with ROSAT PSPC , ROSAT HRI Grosso 2001) , and ASCA (Kamata et al. 1997; Tsuboi et al. 2000) , and find only 22 sources in these surveys (columns 3-5 in Table 2 ). In contrast, while most PSPC and ASCA sources are found in the table, about 10 HRI sources in our field of view are not detected, although the typical HRI luminosity of 10 30 ergs s −1 is well above our detection limit of ∼ 10 28 ergs s −1 (see §4). The results of the classifications and identifications are summarized in Table 2 .
Timing Analysis and Flares
For all the X-ray sources, we make light curves in the total X-ray band. We define a flare by following two criteria: (1) a constant flux hypothesis for the light curve is rejected with a chi-square fitting, and (2) the X-ray flux increases and/or decreases by more than double the preceding/following flux with a time 3 see http://asc.harvard.edu/udocs/docs/swdocs/detect/html/ scale smaller than a few 10 4 sec.
We then pick up 7, 7, 12, 9, and 1 flares from 7 class Is, 11 Class I c s, 20 Class II+IIIs, 17 unclassified sources, and 29 unidentified sources, respectively. For example, the flare light curves of Class I+I c s are given in Figure 2 . A Class I source YLW 16A (No.57) exhibited a giant flare, in which a significant fraction of X-ray photons pile up (more than two X-ray photons register in a single ACIS pixel within one read-out cycle). Hence the light curve of YLW 16A in Figure 2 is extracted from a 2 ′′ .5-7 ′′ .5 annulus in order to avoid the pile-up effect. Except for this giant flare, most of the other flares show a typical profile which is found in more evolved Class II and IIIs: a fast rise and slow decay.
X-ray Spectra and Luminosities
We make and analyze the X-ray spectra of all the detected X-ray sources. For the flare sources, we treat the spectra in quiescent and flare phases separately. Flare phase is defined as the time from (t p − t r ) to (t p + t d ), where t p , t r , and t d are epoch of the flare peak and e-folding time for the rising and decaying phases, respectively. From all the source spectra, we subtract a common background spectrum which is made from a source-free 63 arcmin 2 region in the ACIS-I field. We then fit the spectra with a thin thermal plasma model. The metal abundance is well determined only for bright sources to be around 0.3 solar, which is consistent with the previous ASCA results ( Koyama el al. 1994; Kamata et al. 1997) . We therefore fix the abundance to 0.3 solar unless otherwise noted, because photon statistics are generally limited. The free parameters are plasma temperature (kT ), emission measure (EM), and absorption column (N H ). If the temperature is not constrained, which is often the case for very faint sources, we fix the temperature at two representative values of 1 keV (soft source) and 5 keV (hard source), and estimate respective absorptions and luminosities. These spectral fits are generally acceptable except WL 22 (No.10), YLW 16A (No.57), and ROXs 21 (No.40), which are treated separately in §4.8. The best-fit temperature, emission measure, absorption column density, flux, and absorption-corrected luminosity in 0.5-10 keV are listed in Table 1 (columns 6-10).
Since the ASCA results are available for some of the bright ACIS sources, we cross-check the best-fit parameters and find good agreement between the two within the statistical errors. We are therefore con-fident with the ACIS-I spectral fitting even in the rather early phase of the Chandra mission.
DISCUSSION
X-rays from Protostars
In the ACIS-I field, 10 Class Is and 16 Class I c s have been reported with near-to far-IR observations. Among them, we detect X-rays from 7 Class Is and 11 Class I c s above the detection limit of ∼ 10 28 ergs s −1 . Thus the X-ray detection rates are as high as 70 % in both Class Is and Class I c s. The lack of Xrays from the other Class I+I c s could be partly due to short time variability. For example, WL 21 (No 8) and YLW 16B (No.60) are hardly visible, except when they exhibit an X-ray flare (see Figure 2a and 2j). Also long-term variability, like the 11-year cycle of solar activity, may not be ignored. We hence suspect that all the Class I+I c s, at least those in the ρ Oph cloud, are potential X-ray sources. Carkner, Kozak, & Feigelson (1998) compiled the X-ray emission from YSOs using ROSAT PSPC and reported that the Xray detection rate from Class I+I c s was only ∼10% above the detection limit of 10 29 ergs s −1 . Our high detection rate of Class I+I c s (∼70 %) is due to the higher sensitivity of Chandra, especially in the hard X-ray band. In fact, if we convert the Chandra flux of the 18 Class I+I c s to the PSPC counts using the pimms software 4 , we find only 4 sources fall above the PSPC lower limit (≈ 10 −3 cts s −1 ), even in their flare phases. This corresponds to the PSPC detection rate of ∼20 %.
To search for X-rays from an even younger phase than Class I, we check hard X-ray enhancements from 41 starless cores (Motte, André, & Neri 1998) in the ACIS-I field. The 3-8 keV band photon fluxes in a 13 ′′ radius circle around the 1300 µm sources are either below the 3 σ significance level (37 sources) or are contaminated by nearby YSOs (4 sources).
X-rays from Brown Dwarfs
In our field of view, 3 BDs and 4 BD c s have been reported with infrared spectroscopy (Wilking, Greene, & Meyer 1999; Cushing, Tokunaga, & Kobayashi 2000) . We detect X-rays from 1 BD (GY 310, No.76) and 1 BD c (GY 326, No.81) . We should note that ROSAT also found X-rays from another BD GY 202 (Neuhäuser et al. 1999) . The ages of these stars are estimated to be in the range of (0.1-5)×10 6 yr (Willing, Greene, & Meyer 1999; Cushing, Tokunaga, & Kobayashi 2000) . Interestingly, the other non-X-ray BDs and BD c s have systematically older ages of (2-90)×10 6 yr. The X-ray properties of the BD and BD c are similar to Class II+IIIs: relatively low absorption (0.5-2.3×10 22 cm −3 ) and temperature (0.9-2.0 keV). Both have L X /L bol of about 3×10 −4 , like typical low mass YSOs. Although the X-rays show aperiodic variability, no flare-like event is found.
N H and (J − H)
Using the J and H band magnitudes of Barsony et al. (1997) , we display the relation between the X-ray absorption column (N H ) and the IR color (J − H) in Figure 3 . From this figure, we see that N H is roughly proportional to (J − H). The best-fit linear relation is (N H /10 22 cm −2 ) = (1.26±0.08)(J − H) + (0.65±0.09), where the data points of No.1, 8, 23, and 77 are excluded for the fitting (see the next paragraph). The offset of 0.65 mag corresponds to that of the zero-reddening K-M type stars (Cox 2000) . Using the relation of A v and infrared extinction of the ρ Oph cloud (Martin & Whittet 1990) , we obtain a relation of N H [cm −2 ] = (1.59±0.40)×10 21 A v , which should be compared to N H [cm −2 ] = 1.79×10 21 A v in the interstellar space of our Galaxy (Predehl & Schmitt 1995) .
Large N H excesses are found in 3 Class I+I c s: WL 12 (No.1), WL 21 (No 8), and EL 29 (No.23). Since the X-rays would be emitted from the stellar surface or innermost disk, these Class I+I c s should have extra infrared photons coming from outer regions. One possibility is that IR photons from the stellar surface escape above or below the accretion disk or torus, then the envelope gas scatters the IR photons into our line of sight. Since the scattering efficiency is larger at shorter wavelengths, this process makes apparent (J − H) smaller than that expected from N H .
An unclassified source, GY 312 (No.77) also shows large N H excess. The X-ray properties of this source, high kT , N H , magnetic field, and L X (flare)/L X (quiescent) are more similar to Class Is than Class II+IIIs (see also figures 4, 6, and 7), hence GY 312 may be a Class I.
N H and kT
We display the relation between absorption (N H ) and temperature (kT ) in Figure 4 . For flare sources, data points in the quiescent and flare phases are separately plotted. The data are limited to bright sources, for which both N H and kT are well constrained. ROX s21 (No.40) is excluded because this shows a complicated spectrum (see §4.8.6). From Figure 4 , we see that N H values for class I+I c s are larger than those of Class II+IIIs. This supports the idea that the Xrays from Class I+I c s come through denser envelopes surrounding the protostars.
We also see that the temperatures of Class I+I c s are systematically larger than those of Class II+IIIs both in quiescent and flare phases. This result confirms and further extends the early ASCA results (Koyama et al. 1994; Kamata et al. 1997) .
L X and L bol
For sources whose bolometric luminosity is well determined, we display the luminosity relation between the X-ray (L X ) and the bolometric (L bol ) in Figure 5 , then fit the data with a linear function. The best-fit L X /L bol values in quiescent phases are 4.4×10 −5 and 4.3×10 −4 for Class I+I c s and Class II+IIIs, respectively, while those in flare phases are 8.8×10 −4 (Class I+I c s) and 1.7×10 −3 (Class II+IIIs). We thus confirm the L X /L bol ∼ 10 −4 relation for quiescent phases of Class II+IIIs (Feigelson et al. 1993; Casanova et al. 1995; Grosso et al. 2000) . Class I+I c s, on the other hand, show significantly lower L X /L bol values in both the flare and quiescent phases than those of Class II+IIIs. This can be interpreted that most of L bol of Class I+I c s comes from accreting matter rather than the stellar surface, because these objects are in a dynamical mass-accretion phase.
We also see that the X-ray luminosities of 7 flares and 4 quiescent phases well exceed the saturation limit (∼10 −3 ) seen in low-mass main-sequence stars (Fleming, Schmitt, & Giampapa 1995) . This supports the idea that X-ray emitting regions are larger than the stellar surface, which is consistent with the star-disk arcade scenario .
4.6. X-ray flares, L X , kT and EM relation
We have detected a number of flares, which leads us to a systematic study. The duty ratios of flares, 14, 12, and 9 flares from 18 Class I+I c s, 20 Class II+IIIs, and 17 unclassified sources, are nearly equal among these classes, although a hint of larger flare rate is seen in younger phase, Class I+I c s. Regardless of the IR classes, most of the flares show typical characteristics of stellar flares: a fast rise and slow decay in flux and temperature.
We plot the luminosity (L X ) correlation between flare and quiescent phases in Figure 6 . We see that L X in quiescent phases is largely scattered from 2×10 28 to 5×10 30 ergs s −1 , irrespective of the IR classes, while L X (flare)/L X (quiescent) of Class I+I c s is systematically larger than that of Class II+IIIs.
We then make the correlation map between kT and emission measure (EM) of flare phases in Figure 7 . Feldman, Laming, & Doschek (1995) found a universal correlation between the temperature and emission measure ranging from solar to stellar flares. Shibata & Yokoyama (1999) confirmed the observational correlation by compiling the data of Feldman, Laming, & Doschek (1995) , solar micro flares (Shimizu 1995) , a T Tauri flare (Tsuboi et al. 1998) , and a protostellar flare (Koyama et al. 1996) . They further derived a relation of EM ∝ B −5 T 17/2 , which is given by dashed lines in Figure 7 for the magnetic fields of 15, 50, and 150 Gauss.
The data of YSOs, solar flares, and solar micro flares globally follow the relation along the constant magnetic field (15-150 G) line, in spite of large difference of kT and EM between these objects. In detail, we find a hint that the magnetic fields in the flares for class I+I c s (50-150 G) are systematically larger than those for class II+IIIs (15-50 G) . This implies that the magnetic fields in flares may become smaller as a star evolves.
Comments on the Unidentified Sources
In Table 1 , we find that the absorptions and temperatures of most of the 29 unidentified sources are larger than those of Class II+IIIs. To increase statistics, we co-add all the unidentified sources to make a composite spectrum and fit it with a power-law model. The best-fit photon index is 1.6 +0.3 −0.2 , which is similar to that of the canonical value of AGNs (∼1.7). The best-fit N H value is 5.9 +1.3 −1.1 ×10 22 cm −2 , nearly equal to the average value through this dark cloud (Tachihara, Mizuno, & Fukui 2000) . Inversely, if the background sources have a mean photon index of 1.6 and are absorbed by the cloud gas of N H = 5.9×10 22 cm −2 , the log N -log S relation by Mushotzky et al. (2000) predicts the detectable source numbers to be a few tens. Thus most of the unidentified sources are likely to be background AGNs, although some fraction may be cloud members and/or foreground sources with a small bolometric luminosity. The latter is likely very low mass YSOs such as BDs. No.30 would be a good candidate for the latter case, because it exhibits a rapid flare with similar temperature and absorption to those of Class I+I c s.
Individual Sources
Further details of selected 6 Class I+ I c and 1 Class III sources are given below.
WL 22 (No.10)
The X-ray spectrum of WL 22 exhibits clear line structure at ∼3.2 and ∼3.9 keV as shown in Figure  8 . The line energies correspond to He-like Ca and Ar. We hence relax the abundances of these elements to be free and fit with a thin thermal model. The best-fit kT and N H are 2.7 +2.5 −1.0 keV and 13.9 +18.8 −5.5 ×10 22 cm −2 , respectively ( EL 29 exhibits an X-ray flare with an e-folding time of ∼10 ks (Figure 2b ). The average temperature and flux in the flare are 7.5 keV and 5.1×10 30 ergs s −1 , while those in the quiescent phase are 4.3 keV and 2.0×10 30 ergs s −1 , respectively (Table 1 ). The ASCA satellite visited EL 29 twice with respective exposure times of 40 and 100 ks. In the first observation it exhibited an X-ray flare similar to the present observation (Kamata et al. 1997) . It became however quiescent at 3×10 30 ergs s −1 in the second observation (Tsuboi et al. 2000) . Hence we infer that EL 29 shows quiescent luminosity of ∼ 10 30 ergs s −1 , and exhibits frequent X-ray flares. 4.8.3. WL 6 (No.44) and GY 256 (No.45) Kamata et al. (1997) claimed the detection of hard X-rays from WL 6 with ASCA, although the nearby source GY 256, another Class I source, may contaminate the spectrum. The X-ray light curve showed a sinusoidal shape of about 20 hour period. Since they found no temperature variation, which is usually associated with a normal flare, they claimed that the modulation is due to stellar rotations. In the present observation, we clearly detect hard X-rays not only from WL 6 but also from GY 256. Two faint flares are found from GY 256, with higher temperature than the quiescent phase (Table 1 and Fig. 2g ). However no sinusoidal light curve is noted from WL 6 nor from GY 256. 4.8.4. YLW 15A (No.54) ROSAT HRI detected an extraordinary X-ray flare from YLW 15A (Grosso et al. 1997) . The inferred luminosity, however, depends largely on the assumed spectrum. We therefore re-estimate the luminosity using our best-fit temperature (4.9 keV) and N H (4.4×10 22 cm −2 ) for a flare (Table 1 ). The HRI count rate at the flare peak of ∼17 cts ks −1 is then converted to the peak luminosity of 10 33 ergs s −1 , which is ∼6 times brighter than that of the brightest flare seen in YLW 16A (see §4.8.5), but may not be extraordinary. Subsequent ASCA observation discovered three quasiperiodic X-ray flares with an interval of ∼20 hours (Tsuboi et al. 2000) . These flares are interpreted with a star-disk arcade conjecture , with an X-ray emission mechanism somehow different from that of Class II+IIIs which may have magnetic arcades within the star. Although Chandra confirms the hard X-ray emission and finds a typical flare from YLW 15A (Fig. 2h) , no multiple-flares are found. Thus quasi-periodic flares are not always present but rather occasional phenomena.
YLW 16A (No.57)
The light curve of YLW 16A seems to be comprised of 2 flares; the first is rather complex with several spike-like structures and the second is a giant flare of unusual profile (Figure 9 , left panel). We examine the spectral evolution by slicing the data in time as shown in Figure 9 (left panel). In phases 7-9, we extract the spectra from the same region (a 2 ′′ .5-7 ′′ .5 radius annulus) as the light curve data, because these phases suffer from the pile-up effect (see §3.3). We first fit the spectra with a thin thermal model allowing the abundance and N H to be free for all the phases, and find no significant variation from phase to phase both in abundance ( ∼ = 0.3 solar) and N H . We hence fix the abundance to be 0.3 solar and fit the spectra assuming that N H is consistent in all the phases. The best-fit parameters for each time interval are shown in Table 3 . As seen in Figure 9 (left panel) , the temperature (kT ) and emission measure (EM) increase from phase 2 and reach peak values in phase 3, then gradually decrease. The peak luminosity is estimated to be 1.3×10 31 ergs s −1 . These phenomena of the first flare are similar to other flares found in Class I+I c s and Class II+IIIs.
The second flare shows unusual time profiles in the flux and emission measure (EM). However, the temperature profile is more typical of the normal flare; at phase 7 it increases rapidly, and nearly stays constant or shows gradual decay. These profiles may be understood by the partial occultation of a flare due to the stellar rotations. We hence fit the light curve of the second flare with a model of exponential (flare) × sinusoidal (rotation modulation) function, and obtain the rotation period of ∼34 hours. Figure 9 (right panel) is the spectrum during the large flare. A remarkable finding is an additional emission line feature near the 6.7 keV line of highly ionized iron. The best fit line energy is 6.4 +0.1 −0.4 keV, which is attributable to neutral or low ionized iron. The most plausible origin is fluorescence from cold iron in the circumstellar gas. If the circumstellar gas is spherically distributed around the X-ray source, the equivalent width of iron is estimated to be ≈10 Z Fe (N H /10 22 cm −2 ) eV, where Z Fe and N H are the abundance of iron and column density, respectively (Inoue 1985) . Since the observed column density of 4.7×10 22 cm −3 includes the interstellar gas, that of circumstellar gas should be less than this value. Using the iron abundance of 0.3 solar, we predict the maximum equivalent width to be ≈15 eV, which is significantly lower than the observed value of ≈100 eV. Hence we require non-spherical geometry; a larger amount of gas should be present out of the line-ofsight. A possible scenario is that YLW 16A has a disk with face-on geometry (Sekimoto et al. 1997) , and this disk is responsible for the fluorescent 6.4 keV line. Since we see no time-lag (reflection time scale) between the flare on-set and the 6.4 keV iron line appearance within ∼ <10 4 sec, the separation between the star and the reflecting region should be less than ∼ < 20 AU, consistent with the disk origin.
ROX s21 (No.40)
ROX s21, a Class III, has the brightest quiescent flux and exhibits a flare (Figure 10, left panel) . Unlike the other sources, a single temperature plasma fit is completely rejected. Thus we add another thin thermal component, and find the fit to be acceptable, allowing the abundance to be free. The best-fit parameters are listed in Table 4 . The temperature and flux of the soft component do not change from quiescent to flare, while those of the hard component increase during the flare (Figure 10, right panel) . In fact, if we subtract the quiescent spectrum from that of the flare phase, we obtain a residual 5-keV plasma. We thus suspect that ROX s21 may have fairly steady component with a temperature of 0.84 keV and luminosity of 7×10 29 ergs s −1 , and higher temperature plasma arises from frequent flares; a larger one may be recognized as a "flare" (a 5-keV plasma in the present case).
SUMMARY
A 100-ks observation on the ρ Oph cloud with Chandra revealed the following:
1. We detect 87 X-ray sources from the cloud with a limiting luminosity of ∼ 10 28 ergs s −1 .
2. We detect X-rays from 7 Class Is, 11 Class I c s. The X-ray detection rates are both ∼ 70 %.
3. No X-rays are found from starless cores with even younger ages than Class I. 4. We detect X-rays from 1 BD and 1 BD c . Xray properties of these sources are the same as Class II+IIIs of more massive stars. 5. We find 14, 12, 9, and 1 flares from 18 Class I+I c s, 20 class II+IIIs, 17 unclassified sources, and 29 unidentified sources. Thus the duty ratio of flares in Class I+I c s is nearly equal to, or slightly higher than that of the other classes. Most of the flares show typical solar-like profiles, a fast rise and slow decay, except for a giant flare from YLW 16A.
6. Most of the X-ray spectra are well fitted with a single temperature thin plasma model of 0.3 solar abundances. In general, Class I+I c s have a higher temperature and absorption column than Class II+IIIs.
7. We find that Class I+I c s have a systematically smaller L X /L bol value than Class II+IIIs. 8. We derive the empirical relation of N H = 1.26 E(J − H) 10 22 cm −2 for the cloud members. 9. From the kT -EM relation obtained by Shibata & Yokoyama (1999) , we infer the magnetic field to be 15-500 G, with a hint that class I+I c s have systematically stronger magnetic fields than Class II+IIIs.
10. Luminosity ratios between flare and quiescent phases of class I+I c s are systematically larger than those of Class II+IIIs. 11. We find 29 unidentified sources (no IR/optical counterpart), which are generally hard and heavily absorbed. Most of the unidentified sources are likely to be background AGNs.
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